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Actuator, single fixed point, active quenching of 
predetermined vibratory modes of a beam, 445 
Adaptive control 
discrete-time, stability analysis, 283 
multirate, constrained, 1439 
Adaptive control algorithm, direct, globally con- 
vergent, for multivariable systems with general 
time-delay structure, 301 
Adaptive decoupling controller, direct, for gen- 
eral stochastic multivariable systems, 885 
Adaptive feedforward control of Hammerstein 
non-linear systems, 237 
Adaptive power system stabilizer using bang- 
bang pole-placement strategy, 33 
Algorithm 
for 2-D minimum variance and self-tuning con- 
trollers, 1267 
for minimal controller synthesis, robustness, 
851 
globally convergent direct adaptive control, 
multivariable systems with general time-de- 
lay structure, 301 
integrated optimizatation and parameter esti- 
mation, hierarchical steady-state control, 
421 
minimal balanced realization of transfer func- 
tion matrix, 923 
MRAC, with minimal controller synthesis, em- 
pirical study, 823 
parallel recursive prediction error type, for 
training feedforward layered neural net- 
works, 1215 
self-tuning, implicit pole assignment, 51 
simultaneous stabilization of single-input sys- 
tems via dynamic feedback, 631 
state feedback 2-D eigenvalue assignment, 1089 
Aperiodicity conditions for polynomials with un- 
certain coefficient parameters, 1147 
ARMA canonical forms obtained from construc- 
tibility invariants, 249 
ARMAX models, non-linear, self-tuning control, 
753 


Block decoupling problem, new feedback invari- 
ants, 219 

Block pulse functions for identification, compari- 
son with modulating functions and differential 
operator techniques, 931 


CACE tool for MIMO systems using vector 
optimization method, 963 

Canonical forms, ARMA, obtained from con- 
structibility invariants, 249 

Compensator, optimal robust stabilization, deter- 
ministic design approach, 585 

Constructibility invariants giving ARMA canoni- 
cal forms, 249 

Control 
adaptive 

discrete-time, stability analysis, 283 





feedforward, of Hammerstein non-linear sys- 
tem, 237 

globally convergent direct algorithm for 
multivariable systems with general time- 
delay structure, 301 

linear, almost exact modelling assumption, 
643 


multirate, constrained, 1439 
direct, multivariable, adaptive, G-interactor 
design, 1067 
feedback, tracking repetitive signals via 
LQG/LTR formalism, theory and experi- 
ment, 741 
flexible beam attached to rigid body, 11 
H, optimal, polynomial equations, homotopy 
solution, 721 
H® state feedback, gain perturbation toler- 
ance, 315 
hierarchical, steady-state, integrated optimiza- 
tion and parameter estimation algorithms, 
421 
induction motor, via feedback linearization 
with input-output decoupling, 863 
interval plant systems, robust Schur-stability, 
1343 
multiloop pointing problem, balanced bridge 
feedback, 785 
non-linear singular systems, by feedback, 487 
optimal 
by dynamic programming using systematic 
reduction in grid size, 995 
linear time-varying system, 1425 
minimum time, mixed integer linear pro- 
gramming formulation, 943 
non-linear problem geometric approach, 
1409 
systems governed by Goursat—-Darboux 
equation, dynamic programming ap- 
proach, 1279 
robot with rigid articulated arm and friction, 
Ist-order controllability and time optimal 
control, 1159 
robust, non-adaptive versus adaptive design, 
1457 
sampled-data, observer-based, of unstable pro- 
cess with time delay, 341 
stochastic discrete-time, of unstable plant, 
polynomial optimization, 1363 
super-optimal H™®, inner functions and pseudo- 
singular-value decomposition, 1119 
systems with large plant uncertainty and time- 
varying gain, by feedback, synthesis, 687 
Controllability 
first-order, time optimal control problem for 
rigid articulated arm robots with friction, 
1159 
of multi-input positive discrete-time systems, 
1295 
Control law, observer-based, for class on non- 
linear systems, 553 
Controller 
2-D, minimum variance, self-tuning, 1267 
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all stabilizing IMC, for unstable plants, param- 
etrization, 329 

design for squaring down non-strictly proper 
systems, 621 

direct adaptive coupling, for general stochastic 
multivariable systems, 885 

non-linear model matching, design, 1259 

P-I, for DC-to-DC power supplies, design via 
extended linearization, 601 

robust, linear multiloop feedback system, 
analysis using approximate models, 353 

self-tuning, using non-linear ARMAX model, 
753 

state-feedback 
for class of non-linear system, and state ob- 

servers, 953, 959, 961 
H™”, parametrization, 535 
Control scheme synthesis for large-scale systems, 
169 
Coupling of plant, directionality and multivaria- 
ble loop-shaping, 365 


Decomposition 
pseudo-singular-value, in super-optimal H® 
control, 1119 
quotient singular value, on- and off-line state- 
space identification, 1133 
Delay system, output feedback stabilization via 
transformation method generalization, 801 
Design 
CACE tool for MIMO systems using vector 
optimization method, 962 
G-interactor, application to direct multivaria- 
ble adaptive control, 1067 
HF filter, singular perturbation analysis, 705 
multivariable regulators under structure and 
robustness constraints, 669 
non-adaptive versus adaptive, of robust control 
system, 1457 
non-linear model matching controller, 1259 
of P-I controllers for DC-to-DC power sup- 
plies via extended linearization, 601 
of sampled regulator, for uncertain systems, 
503 
Directionality of plant, coupling and multivaria- 
ble loop-shaping, 365 
Discrete-event process stabilization, 1101 
Discrete-time adaptive control, stability analysis, 
283 
Discrete-time multivariable system, characteristic 
decomposition of transfer function matrix, 
GPC method, 391 
Discrete-time non-linear system, right inverse, | 
Discrete-time systems 
gain/phase relationships, 119 
near disturbance localization, 267 
positive, multi-input, controllability, 1295 
Disturbance localization, generalized, using en- 
ergy-based interaction measures, 267 
Dynamic programming approach to optimal con- 
trol of systems governed by Goursat—Darboux 
equations, 1279 


Eigenvalue, 2-D, state-feedback assignment prob- 
lem solution, i089 


Eigenvalues/vector functions of transfer matrices, 
H,- and H ,,-approximations, 1015 

Eitelberg’s sampling rate design based on 
(1 —sT/2), 1155 

Elastic structure, undamped, Nyquist-type stabil- 
ity test, 1309 


Factorization, left-coprime, normalized, H,,- 
bounded perturbations, robust stabilizability, 
1173 

Feedback 
balanced bridge technique, multiloop pointing 

control problem, 785 
of output 
constant, for general pole placement of linear 
system, necessary conditions, 771 
stabilization of delay systems via generaliza- 
tion of the transformation method, 801 

Feedback control for non-linear singular systems, 
487 

Feedback control systems with large plant uncer- 
tainty and time-varying gain, synthesis, 687 

Feedback form for rational expansion of non- 
linear input-output maps, 1241 

Feedback invariants and the block decoupling 
problem, 219 

Feedback linearization control of induction 
motor, with input-output decoupling, 863 

Feedback theory, quantitative, for active vibra- 
tion control synthesis, 1251 

Filter, HF, design by singular perturbation analy- 
sis, 705 


Gain/phase relationships for discrete-time sys- 
tems, 119 

GPC characteristic method, role of input weight- 
ing and bounding, 391 


H,- and H ,,-approximations for eigenvalues/vec- 
tor functions of transfer matrices, 1015 

H,,, optimal control, homotopy solution of poly- 
nomial equations, 721 

H®-optimal state feedback control, gain pertur- 
bation tolerance, 315 

H® state feedback controller parametrization, 
535 

Hammerstein non-linear systems, adaptive feed- 
forward control, 237 


Identification 
of non-linear system, using neural networks, 
1191 
of state-space models, on- and off-line quotient 
singular value decomposition, 1133 
using block pulse functions, modulating func- 
tions and differential operators, 931 
Inner functions and pseudo-singular-value de- 
composition in super-optimal H® control, 
1119 
Input—output equivalence, system matrix charac- 
terization, 1319 
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Interconnected system robustness to structural 
disturbances in structural controllability and 
observability, 205 

Interval matrices, symmetric, necessary and suffi- 
cient stability conditions, 243 

Inverse, right, discrete time non-linear system, 1 


Large-scale systems, structural properties, 169 

Linear multiloop feedback system, robust con- 
troller analysis using approximate models, 353 

Linear system, general, input/output norms, 911 

Linear time-varying system optimal overtaking 
control, 1425 

Lyapunov-like methodology for robot tracking 
control synthesis, 567 


Mathieu equation, ship stability, 139 
Matrices, interval type 
stability 
Argoun’s approach to stability, 1151 
stability analysis 
bounds, 497 
improved bounds, 1485 
root-locus approach, 499 
Matrix of system, characterization of input—out- 
put equivalence, 1319 
MIMO systems CACE tool using vector optimi- 
zation method, 963 
Model, structured state type, interconnected sys- 
tem, robustness to structural disturbances, 205 
Modelling assumption, almost exact, in adaptive 
linear control, 643 
Modelling, complex non-linear system, by multi- 
layered neural network, identification, 1191 
Modulating functions for identification, compari- 
son with block pulse functions and differential 
operator techniques, 931 
Motor, induction type, control via feedback lin- 
earization with input-output decoupling, 863 
MRAC algorithm with minimal controller syn- 
thesis, empirical study, 823 
Multi-input positive discrete-time system control- 
lability, 1295 
Multiloop balanced bridge feedback in applica- 
tion to precision pointing, 785 
Multi-output systems, representation of maximal 
(A, B)-invariant subspace in given nullspace, 
1419 
Multipass process, linear, differential unit 
memory, simulation-based stability tests, 1051 
Multivariable loop-shaping of ill-conditioned 
plant, 365 
Multivariable systems with general time-delay 
structure, globally convergent direct adaptive 
control algorithm, 301 


Neural networks, layered, parallel recursive pre- 
diction error algorithm for training, 1215 

Neural networks, use in non-linear system iden- 
tification, 1191 

Non-linear class of dynamic systems, quadratic 
regulator problem, cheap control, 289 

Non-linear discrete-time system, right inverse, | 


Non-linear Hammerstein system, adaptive feed- 
forward control, 237 
Non-linear input-output maps, rational expan- 
sion, 1241 
Non-linear model matching controller design, 
1259 
Non-linear optimal control problems, geometric 
approach, 1409 
Non-linear sampled-data systems, slow sampling 
and stability, 251 
Non-linear singular systems, feedback control, 
487 
Non-linear stochastic system, linear approxima- 
tion 
asymptotic expansions, 71 
filtering hypothesis, 93 
Non-linear system 
global linear representation, adjoint map, 1229 
identification using neural networks, 1191 
observer-based control law, 553 
robust output tracking, 1381 
state observers and state-feedback controllers, 
953, 959, 961 
Nullspace, maximal (A, B)-invariant subspace 
representation, 1419 
Nyquist locus of stable transfer functions, 
clockwise nature, 1479 
Nyquist-type stability test for undamped elastic 
structures, 1309 


Observer-based control law for class of non-linear 
systems, 553 

Observer-based sampled-data control of unstable 
process with time delay, 341 

Optimal control 
by dynamic programming using systematic re- 

duction in grid size, 995 
Goursat—Darboux system, dynamic program- 
ming approach, 1279 

non-linear problem, geometric approach, 1409 

Optimality robustness of linear quadratic regula- 
tor, generalized, 521 

Optimal overtaking control for linear time-vary- 
ing system, 1425 

Optimal robust stabilization compensator design, 
deterministic approach, 585 

Optimal solution to servomechanism problem for 
systems with stochastic and deterministic dis- 
turbances, 1327 

Optimization, and parameter estimation, inte- 
grated algorithm, hierarchical steady-state con- 
trol, 421 


Parameter estimation and optimization, inte- 
grated algorithms, hierarchical steady-state 
control, 421 

Parametrization of all stabilizing IMC controllers 
for unstable plants, 329 

Parametrization of state feedback H® controllers, 
535 

Pole placement problem, general, via constant 
output feedback, necessary conditions, 771 

Poles, unreachable, Johnson’s remedy, 949 
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Polynomial equations, homotopy solution for H , 
optimal control, 721 

Polynomial family, disc-type, robust stability, 
1353 

Polynomial optimization of stochastic discrete 
time control for unstable plants, 1363 

Polynomials, entire polytope, stability, 495 

Polynomials with uncertain coefficient param- 
eters, aperiodicity conditions, 1147 

Power supply, DC-to-DC, design of P—I control- 
ler via extended linearization, 601 

Power system stabilizer 
adaptive, using bang—bang pole-placement 

strategy, 33 

self-tuning, using acceleration signal, 469 


Regulator 
linear quadratic, generalized optimality robust- 
ness, 521 
multivariable, design under structure and ro- 
bustness constraints, 669 
quadratic, cheap control of class of non-linear 
systems, 289 
sampled, robust, for uncertain systems, passiv- 
ity and design, 503 
Right inverse of a discrete time non-linear system, 
l 
Robot 
rigid articulated arm type, with friction, Ist- 
order controllability and time optimal con- 
trol, 1159 
tracking control synthesis, Lyapunov-like 
methodology, 567 
Robust control system design, non-adaptive ver- 
sus adaptive, 1457 
Robust controller analysis of linear multiloop 
feedback systems using approximate models, 
353 
Robust output tracking for non-linear systems, 
1381 
Robust Schur-stability of control systems with 
interval plants, 1343 
Robust stability of a family of disc polynomials, 
1353 
Robust stabilizability of normalized coprime fac- 
tor, infinite-dimensional case, 1173 
Robustness 
of interconnected systems to structural disturb- 
ances in structural controllability and obser- 
vability, 205 
of minimal controller synthesis algorithm, 851 
Roesser model, 2-D system, eigenvalue assign- 
ment by state feedback, 1089 


Sampled-data observer-based control of unstable 
process with time delays, 341 

Sampled-data systems, non-linear, slow sampling 
and stability, 251 

Sampled regulator, robust, for uncertain systems, 
passivity and design, 503 

Schur-stability, robust, control systems with 
interval plants, 1343 


Self-tuning power system stabilizer using acceler- 
ation signal, 469 
Servomechanism, systems with stochastic and 
deterministic disturbances, optimal solution, 
1327 
Ship stability via Mathieu equation, 139 
Signals, repetitive, tracking via LQG/LTR for- 
malism, theory and experiment, 741 
Simulation-based stability tests for differential 
unit memory linear multipass processes, 1051 
Spacecraft, spatial control and stabilization, 11 
Stability 
analysis 
discrete-time adaptive control, 283 
of interval matrices, improved bounds, 
1485 
entire polytope of polynomials, 495 
interval matrices 
analysis bounds, 497 
root-locus approach to analysis, 497 
non-linear sampled-data systems, slow sam- 
pling and stability, 251 
Nyquist-type test, undamped elastic structures, 
1309 
of ship, via Mathieu equation, 139 
of symmetric interval matrices, necessary and 
sufficient conditions, 243 
robust, of family of disc polynomials, 1353 
Schur-type, robust, control systems with inter- 
val plants, 1343 
tests, simulation based, for differential unit 
memory linear multipass processes, 1051 
Stabilizability, robust, of normalized coprime fac- 
tor, infinite dimensional case, 1173 
Stabilization 
of delay system using output feedback via 
transformation method generalization, 801 
of discrete-event processes, 1101 
of flexible beam attached to rigid body, 11 
simultaneous, of single-input systems via dy- 
namic feedback, algorithm, 631 
Stabilizer 
adaptive, for power system, using bang—bang 
pole-placement strategy, 33 
self-tuning, for power system, using accelera- 
tion signal, 469 
State observer, exponential, for time-lag systems, 
189 
Stochastic discrete-time control of unstable plant, 
polynomial optimization, 1363 
Stochastic multivariable system, direct adaptive 
coupling controller, 885 
Stochastic system, non-linear, linear approxima- 
tion 
asymptotic expansions, 71 
filtering hypothesis, 93 
Stochastically and deterministically disturbed ser- 
vomechanism systems, optimal solution, 1327 
Synthesis 
feedback control systems with large plant un- 
certainty and time-varying gain, 687 
robot tracking control, Lyapunov-like method- 
ology, 567 
System matrix characterization of input-output 
equivalence, 1319 
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Time-delay structure multivariable system, 
globally convergent direct adaptive control al- 
gorithm, 301 

Time-lag systems, exponential state observer, 189 

Time-varying system, linear, optimal overtaking 
control, 1425 

Tracking, of output, robust, for non-linear sys- 
tems, 1381 

Tracking repetitive signals via LQG/LTR formal- 
ism, theory and experiments, 741 

Transfer function matrix 
characteristic decomposition discrete-time 

multivariable system, GPC method, 391 
minimal balanced realization algorithm, 923 

Transfer function, stable, clockwise nature of 

Nyquist locus, 1479 


Transfer matrix eigenvalues/vector functions, H,- 
and H,, approximations, 1015 


Unstable plants, all stabilizing IMC controllers 
parametrization, 329 

Unstable process with time delay, ooserver-based 
sampled-data control, 341 


Vibration control synthesis, active, quantitative 
feedback theory, 1251 

Vibratory modes of beam, active quenching by 
single fixed point actuator, 445 
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